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(54) MACHINE PARTS MADE OF HIGH TOUGHNESS CASE HARDENING STEEL AND THEIR 
PRODUCTION 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide machine parts made of high toughness case hardening 
steel, excellent in wear resistance, fatigue characteristic, and impact resistance, at a low cost 
by applying carburizing and quenching to steel parts containing specific amounts of C, Si, Mn, P, 
S, Cr. Al, and N. 

SOLUTION: Steel parts, prepared by using a steel stock which has a composition consisting of, 
by mass, 0.1-0.25% C, <0.15% Si, >1.20-2.0% Mn, <0.02% P. <0.02% S, >0.70-1.50% Cr, 0.015- 
0.060% Al, 0.005-0.030% N, and the balance Fe with inevitable impurities and containing, if 
necessary, prescribed amounts of Mo, Ni, Cu, V, Ti, Nb, and Ca, is subjected to carburizing and 
quenching or to carbonitriding and quenching. By this procedure, the total area ratio of 
martensite and bainite in the core part, the area ratio of martensite, and pro-eutectoid ferrite 
are regulated to >95%, <90%, and <5%, respectively. Further, the grain size number of of 
austenitic crystal grains in the carburized layer or carbonitrided layer is regulated to No. 8 or 
above, and also the amount of retained austenite in the part between the surface and a position 
at a depth of 0.05mm from the surface is regulated to 1 0-50%. 
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(57) [KM] 

IM&^St] C, Mn, Al, N«$<D-gft&i>mm$ 

• mtm^tetfznm*- o~5 0% 

5. 
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1 

C:0. 1-0, 2 5% (i^Tx *MBL* 
UDma s s%^E*-T6) 
S i : 0. 1 5%£AT 
Mn : 1. 2 0%m. 2. 0%^T 
P : 0 . 0 2 %£AT 
S : 0. 0 2%i^T 
C r : 0. 7 OigL 1 . 5 0 %£XT 
A 1 :0. 015 — 0. 060% 
N:0. 005 — 0. 030% 

: f e texxf^mtt^mvo 

9 5%£JLh, ■7/l/fyt>f h®^^9 0%]^TT% #J 

^S8Stt^8S^±T% lo$®^e>0. 0 5 mm 

«S2h- ^T 1 ^ ht^l0-5 0%TNfe*£ift»« 

[!S*£2] fltttj&K te^5c3Ri: UTMo : 0. 0 8 
— 0. 6%&£X*/titz&N i : 0. 2 — 3. 75%£ 

^fe5ceH5pp 0 

3-2. o%z^m^zh(Dx*tbz>m&JK2\zf? l m,<nm 

[»*^4] I(^7t:*tLtV: 0. 0 

3 — 0. 5% Ti : 0. 005 — 0. 1 %*S JltfN 
b : 0. 0 0 5-0. l%£*)%:ZmfrbmVl£tlZ'P 

[M*5 5] »WdS. Xlcte<D7G*i LTCa : 0. 
0 0 0 5 — 0. 0 8%i3j:r//t > U< HZ r : 0. 00 
2 — 0. 0 8%4r^-fSt>OT*>5K*3gl-4 0U^ 

PPo 

ftt&mo&s ^(omm^s ^$^HRC4 5^±tio 

0. 0 4-lnmt*>58WBttf«:*»U 

a. 
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2 

s>) aK«woj«^aj«^bTiB (i) . (2) a 

lUot^ ttrlE^H filfi Jeq (mm) £Tf5 

jo (3) *lcftA*t-S^^^J;t)*4«)?>^»aJiS«v 
.ft, ±EBMHft*pa*Vci CC/80 tv C2 CC/IM 

i - 5 ^^ttd^^i5*oAjR*a»*#s r £ t 
t 5 nation, m s mmmwm& os&. 

Vci = 1 0 k1 (1) 

ki =3.62-7. 17 [C%] -0.43 [Mn%] -0.64 [Cr%]-1. 18 
[Mo%]-3. 86[P%]-0. 20[N.i%] 
Vc2= 1 0 k2 (2) 

k2 =4.01-5.96[C%]-0.33[Mn%]-O.33[Cr%]-0.66 
20 [Mo%] -9. 45 [P%] -0. 33 [N i %] 

V= 3 9 0 Jeq- 1 35 (3) 

[Mi** 9 ] m&m 8 \c%m<Djjmz x 9 s^«ea*l 
*Bat> u< f4*« ■ afbttA*L*Qaftff*ofc^*, * 

60m/s(Dg 

££ft««£-t-*. *ffi«ft<oiBfefett^:i««lffiilljBI# 
30 [00 0 1] 

8s&»«=ftK«>. &mmt£¥(Dm&s -wk 
[0002] /as*wa»T«, #*-^<oiBfflft*ft:^u 

[0 0 0 3] 

50 SfiS^S5«S?3fiS<b^il3ft»i-ai:i«*oT^*, 
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[0004] tz*>-cmm&&m&m4b-rzmz&, m 

&$?&<Dfa±ttMt LTfi, Mz-tt&mW'l - 2 4 7 5 
-1 8 4 3 ^ma*. m^ffltttplCMo^S i 
[0 0 0 5] L^Lft;^ ±|S^mtC^M^7C^^{£ 

[0 0 0 6] 

4-&&s»*#*afcbD-r 5 - £ & < . is^^h t'loi 

[0 0 0 7] 30 

[WI«:«»t5fe«)Offt] ±EIHBfe*ftt5Ci 

ft. 

C:0. 1-0. 2 5% (KT, #EUftV«9ma s 
s 

Si : 0. 1 5%^T 

Mn : 1. 2 0%I, 2. 0 %J£AT 

P : 0. 0 2%|^T 

S : 0. 0 2%«T 

Cr : 0. 7 0S, 1. 5 0%OT 40 
Al : 0. 015 — 0. 060% 
N : 0 . 005 — 0. 030% 
: F e&£TfiyFW&ffy7Ft&to 

/^yf^ hfc h^lkBff^g 5%j^± s 

A-r^f^ hB«**S9 0%JKT"e. W7x7^f Hi 



4#M¥9-5 3 14 8 

ig^*3l>Tf*. ffltt*P\z:m<D7zmb UMo : 0. 0 8 
~0. 6%*Sj:tf/*fcfiN i : 0. 2 — 3. 7 5%£r 
^T^Ltf), IlKlCu : 0. 3-2. 0 %«:-&«■$ 
1t\ fcSlMi3Efcte<a7C*fc LTV : 0. 0 3 — 0. 5 
%s T i : 0. 0 0 5 — 0. 1 %*5J:t*Nb : 0. 0 0 
5-0. l%£Bfc5#;&>fc»lR3jh,5^*< ttim 
<D5tm^^^, Sl-fiCa : 0. 0 0 05 — 0. 0 
8%3s£Tf/i> U< liZ r : 0. 0 0 2-0. 0 8%& 

[0 0 0 8] *fcJilB<OiBOttmiffit««!««»D 0 pl3:*3 

0N/mm 2 eH±<Dffi»«**&*«r4-*.fctOW:, -» 

®^SHRC4 5UJliT-loe^ 
#0. 0 4-1 mmtifoSgf Sril^T 6 0m/ 

[0 0 0 9] *fc49Bn^«&aittOfl|Jft»U SOTBi«» 

»»S**fc«ar5«**rSrf^3 S^HMt Jeq (m 

>^-f hfitt**S9 0%t*6B#»aaSVc2 cc/ 
SO Sr. SK«tt-Ofi8;^jBjSK*^TSS (1) . (2) * 
dj; oT3&£u Krf5i/3 — filM Jeq (mm) £:TI£ 
(3) airftAt 5 C 1 1: i 9 *«) btiS»8*« V 
±EttJM«P*tfVci CC/80 <hVc 2 CC/fW 

Vci = 1 0 k1 (1) 

ki =3.62-7. 1 7 [C%] -0.43 [Mn%] -0.64 [Cr%] -1.1 8 
[Mo%]-3. 86[P%]-0.20[Ni« 
Vc2= 1 0 k2 (2) 

k 2 =4.01-5. 96 [C%] -0.33 [Mn%] -0.33 [Cr%] -0.66 
[Mo%]-9. 45[P%]-0. 33[Ni%] 
V= 3 9 0 Jeq" 135 (3) 

[ooio] St. ±m<D%m\z£*>mmMKthtB!mi> 

RS*HRC4 5£Jl±-Ciofi[-¥-S^0. 04-1 
X'P*£< tt lBi^s ht-^y^S^il ^ 
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[0 0 11] 

S ttfcflWf -t 9 ft S 89*615,5. *IMWSA*L*r L < 

fc»ft £ mfttttt £*;te<i x_ fc ft ft 
[0 0 12] «3R-t 9. NStWHUOMtl"C 

St)^*r±EI6«»»ttdS**b*b5 C 1: £oft fc at> 

[0 0 13] rtOIfttt^f LtWiifcSiVfcRTttft 
V*#, &©«IC#J*.&*t5. HP*>, S«^W;Ufy 
♦-f h*>5Wi'<-f-*--f h-e*>5»S\ IB:*-— ^t^^ 

Wf(ttak||jBi»*:»5rtf4-eftftv\ fcc%39s«* 
Mfc^/i^viM h^-M-^-f h<^ffi^«ajgii:i-5 

fc»ffi*s#«^fWBftt)Oi:ft9. {&»ft*-*T^>f 
HISA«*#r5;B«^ 

■**oiB^«mi-r5i:*^*Le>offia*S:9 5%j£Jt 

flf^y-f h*rffi«*-e5%*:«*.'C**S*ft*t*l,tf 

t^>5***oft £&fc 0 f£L ^yufyf-f 
St*fr 9 0 %£TF, tntir^^yj h®ffi^£5%£rj£x. 

I*fcfc!K *oe*«*t^:«»#M4*»5^t^-Cft 
5 0 

[0 0 14] -*j8IK*U<tt«K • WfcJifco^T 
«U ttSltttSW;*— *^-*-*f h*ds#<ft5^o*fca 
iKi*ttTU ft*Wtttt(ST-r5fc%Afe*uT^ 
fc. fcr****«#fe36SBFJft*ii»fc4:r5fcJ:5 
4:, ^fttai*-^ft>f h**J*<fc5ISJf*# 
4*ttjWttT*5*f*IRe>1\ W w^©*»Wtt**« 

-*^*-*f h4r#ft^it5-<ftT*fo5C fcs ^ItS® 
frbO. 0 5mm<D»StttS WSKI*L< »SK 
• a<tJB^j3tt50E««^— *7^>f hg&10-5 0 
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<5 

%^«SH^K3eu-C J ^*ufi, llrSft£tt*i*K:XB*>& 
»flfei-5*BKfli 5 S*t, «E*tfc«*Sff1* 

[0015] bit* *»w-e««i-5ft«o<b**»«r 

LfcSS, S(r(ig^A*t^St. L < ttSS • ft 

Bfli-5. *rft«o^j«»«:**fc«S«rWb3ft»R:i- 
5o 

[0016] C: 0. 1 — 0. 25% 
10 Ctt, U"C<0«ffl3*««:««-r5 Ht^< 

cto-cftft^5c»-efc?), o. i %*M-ctt+^ft3ft 

S^#6*uft<ft5o L*>U ia*J^*rS*5i:Sltt 

£Hft5tf>T*0. 2 5%«:±Ri:-*-5o ccoj:0»*b 
12 — 0. 2 5%<D«iH-e*>5. 
[0017]Mn:l. 2%jfi, 2 . 0 %^T 
Mntt, ««*>5^tt«« • K4bXM*0XBft*m 

»«»>5^tt8M* ■ mtm<DM s jS^ISTS^TiK 

•»fc) ■©aft-^fW hfc*;fc**5flsffi4:# 
L-C43 9, Hfctt«ft©Bl»wt,ir3»lrfPffl'r5. -5 
Ufc3»*«r*5»Jc»*S*5^f±l. 2%«M.T** 
S*ft»*ttfftfeftl^ iafi«-^«-Sii:5ts ftlHSD 

»WSr&ff"f«l-ft5^T% 2. 0%J[UT^«]^ftJt*b 
tfftbftv^. MnOJ:9ff*Ui^**f41. 4-1. 

30 [0018]Cr:0. 7 1 . 5 %£TF 

C r &m7<tl&fa±7um b UT^T»ft5c^-e*> IP . 
a*SrW?a^»ffS^:5(-fi0. 7%*:«*T$*S* 
5^ t^^x-*>5dK 1. 5%«r«;t5£Cr*>5^ 

S*. ttttlc»»WS:Rtf-r«lcft50t?, ^n^Tl- 
»^.ftlt*btfft6ft^\ CrOJ:*39tU^tItt 
1. 0—1. 3%<£><5H"C*>5, 
[0019] A 1 : 0 . 015 — 0, 06% 
A 1 \*mtt<0?&mtb UT«t^***LT < 55c»-C*> 

ft*rl»Jl:-r5f^fflS:*bT^5. 5 U^»*S:*aic 
^«$ii:5ICf^0. 0 15%Wtt^^ft^^ 
ft^*5 x ^(DMttO. 0 6 %gST*ISfP -t*i/S:3B 
*.5iit*i»frU-C»ft«*^aE«4:ftO, 
4»^»**Sraffi-«Jrft 5 0. 0 6%^_hPSi: 

[0 0 2 0] N: 0. 005 — 0. 030% 
NttinAl, V, Ti, Nb^^^LT»bM 
4«U fe*»OS*ft;Sr»IW1-5^ffl«:*LT*3 9, 
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3»WB»3ti5. U»»U «t*ue>^»***j»0". 0 30 

[0 0 2 1] Si : 0. 15 %J£*T 
Sill ttfcSXfc«l^fmifc^jR£ LT^I^I 

fc»***<1-|^tt-tO-g : *-l:S:0. 1 5%OT^x. 

tt«fc#«:, 0. 1 0%^Ti-JJl3^5w<>r 

ffliO. 02 — 0. 1 0%o«SH-CfcSo 
[0 0 2 2] P:0. 02 %J£JtT 

pgfSO. 0 2%i£fcfc o P^)J:t)#*bv^^r*:tt 
0. 0 15%OTs 3Ete#SU<ttO. 0 10%OTt 

[0023] S : 0 . 02 %£JtT 

SttMn SS:t«L«Bi]tt^|Sl±IC!S4t5^ % 20 

0. 0 2%aT^»A*»ttbtf*feftV\ S<D£V&ti 
Llf^**ttO. 0 17%^T> I(^*l<liO. 0 

[0 0 2 4] *fc*»WT?4e«-**a«l«"l-tt. ±EO^ 

[0 0 2 5] Mo : 0. 0 8 — 0. 6 %*S J: fcte 
N i : 0 . 2 — 3 . 7 5 % 

^*±»Aixai»cDiS«t*AttOrtJJi, 3E^ttttlHft 
fioft±i;:^KfEfflU JEJcn i tt*6An«oia»«r 

fl, Mo : 0. 0 8%JEA± > Ni : 0. 2%£k±&tt 
S-&5rtl!:J:oT*a^«l«I*ix5^s Mo(D±|E^J 
*ttttO. 6%TtWbU *fcN i OflrtBSMtfc 3. 7 40 

[0 0 2 6] Cu : 0. 3 — 2. 0% 
SJxStfs 2. 0%ffifot5.^)TW^± 
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[0 0 2 7] V: 0. 03 — 0. 5%, T i : 0 . 00 
5 — 0. 1%*3.J:T/Nb : 0. 0 0 5 — 0. 1%J:D* 

[0 0 2 8] C a : 0. 0005-0. 0 8%*SJ:tf/ 
tKliZr : 0. 0 0 2 — 0. 0 8% 

Z r fiMn S fc*«<bS-fr, ^'f l ttt 3 *fiMtt(D^3±^« 

ffl(tl:J;ot«l coaj«#ffiSrii5 » £ flMB «:# U T *5 

[0029] *^0^^#5i^®Dttm^#^®!m«ap p p 
£t (SfcttSK-Sft) siAttteaSrJfi't-rfc^ior 

[0 0 3 0] Sffld^/Uf >"fr>f h t "*-f h ±tt<& 
fc, Hv 2 5 0£JL±OK««SS:»{R-rsri:dST?#s 

7t^/> usaMi'm d ^ffitat^ * ? * * 

[0 0 3 1] Lfc«:»oW»Wtm±a*S:*»^ 
h) ®S^£r9 5%«±, -7/^^^ h®S*lr9 0 
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p 

b+^-r* h) mm&&9 5%^m. ^^^^ y 

[0 0 3 2] ft. Mj^^SPn D p^^H-^«a5^^^ 
rtt, W:!% (SsfcrtflUK-Wb) «yffi«o»»aflC^J:o 

i«iii^ia»^^ti 5 o omxi&umm&m 

[0 0 3 3] g« (£fcteijj% • g>fb) 

^»»WbfffflS:?aoT»l«-^^N, Al, Nb, Ti, 

Sfii ■ 2-fb) *a«rfT*i\ *>5iMi»fBlDI^«{^a 
IN (SfcttWK-Kfc) ^4:fir*ofc4frfi\ (* 
• »b) g^-*^^ h»fi*ttta*i:* 
otW»tttt»L<ttTlT<5 c ^oT, 

■ »b) h^S^^rfeS 
#f8W (jis G 0 5 5 l<DttAtUCKRKl: 

[0034] mm. (*fc«sK • a<b) 

0. 0 Smm^ai^feB^^^^ gj^^Tj^ hf^ 
1 0 - 5 0 % 

/Co (*fcl4»K-mb) S + O^S^-^x 

hfi<D«£ 9#*L^«5Htt2 0-4 0%^?5H 
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[0035] ±&<Dmz.*&w\z&zmm%mmmm 
arc* m#<n&ftmj£kftute£xfimm (SfcisgK- 

*** r^m^#ti^^^^mffi#^^«^R n pl4, TIB 

tic 

[0 0 3 6] gp^, JtfB«4)'»J58;o»f*S:«|J£i-.-5««- 

^b« o^«gRp°p osaiM Kti a -r * ■ $ * 

^3 5=-fU.q (mm) #}#f 

ftSHJUMKlftftVcz CC/80 Sr. ^BM^^A^fi 
JSK*>fe«rE (1) . (2) xC(ri:oT*46, (KHE^aS 
-Htt«J»q (mm) SrWIE (3) ^ftX*tZ>Zk\Z. 

afiv-eJ*Aixft!fSSrff*5*ifeT«>-5. 
[0 0 3 7] gp^, fc^O^/U^^lNf h®8WsS:9 0 

tt^fca«)^f±«« (*fc«s*t-wb) -&<nm^tim^ 
o-3 o o^^BBoeas^^iSftasffv cc/«o 

[0038] <t c ^>t\ &&<D#>&mg 
^^t^Atb«^icfc5ap D prt^^^ai^g^^sy-r 

40 SjK (tKttSK • ^b) &&<n1&M<Dlbmm&$:&l 
il«>^*. ±B»*»«a«Vci*3J:tKVoi«r, 

o^jffij^^^Tieki , k2 laotsnitsr 
v^*:4e>C>tt6r t^»o^ 0 

Vci ^ V^Vc2 

Vci = 1 0 kl (1) 

ki =3.62-7. 17[C%]-0.43[Mn%]-0.64[Cr«]-1. 18 
[Mo%]-3. 86[P%]-0. 20[Ni%] 
50 Vc2= 1 0 k2 (2) 
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5£f\ k2 =4.01~5.96[C%]-O.33[Mn%]-O.33[Cr%]-0. 66 
[Mo%]-9.45[PM-0. 33[Ni%] 
V=3 9 0 Jeq" 1 - 35 (3) 

[0039] sxt, nt&m&v<Dwmm\z*o\,^xtstwt 

(He) «r»6u ys5=-*Attdllli:*^ 
X, ^^^Hcllffi^^a^^-filJaq (mm) 

0 0—3 0 0tlW^i3Jt5¥^a5i*VOBB«S:BI^ 
#*>!K fl&IE* (3) taSt5»l: TV=3 9 0 Jeq 

fBT#fc ^3 S~Hfc« Jeq&w^B8«^KlftA 

£&*Po7t 0 BP*> rv= 3 9 0 Jeq" 135 J 

il:^ft$ 9 0 0-30 otoss^ wans cc 

[0 0 4 0]6Pt> x S=HftAttfl»«:i«6Lfce 
SHc«:SIS1-£i, *A^^«ffl<7)5F«!»a3SffV 

5 %*sex.*^BM?.fta3efivci ^ 90 

ffl&Wk^mj&frhJ&tbbtlZk 1, k 2%jl\Z.^ S(rfE 
* (1) , (2) T^Ufc«^l 0 kl , 1 0 k2 tf>ft-^ffi 

-(b) «yS«tf)9 0 0-3 0 0 < COgBB n p^)^ 5 F*&*aij$ 
[0 0 4 1] HL mm (*tett*«-»k) Bte*H*3 

±E^**j*Anft#oT-eKje**a 

fete. N*iff a 1 *ds«rlW#*»J6i"S«ltt-Ttti« 
»fl=««:*Lfc«L *fcNb*Tifc4tt5«W«)» 

lftAtitoa«:lfir*ife#*«ffli"tutf J:^. 
[0 0 4 2] SfcKig^ • mt) m\z&tt 

Z&mfab 0.05 mm^i^ftf^gt-^rt-f 
hi*, ±EO«*jKlA^*#OTT-iijE* 1 0-5 0 
%tt«Bfc#J*5fc«u BH?;*— *^-*->f 
fo^^&Tt:^ (Mn, Cr, Ni, Mo) 
®jEfCJ8S-r5t*^, »#i <*>5^tt«« ■ »fc) 



(7) W9-53148 
[0 0 4 3] 3Efc*»W^*5l^-Ctt, -tiEGD^K (*fc 

ft) tft*UT^tf/WW«t4fe<«*5ifc*< 

*fi, fe-^S^o. 0 4-lmmtloHRC4 5^1 
<&aWl»tt^*tt/fi bx 6 0 m/ s ^±(7)MlSt 1 

[0 0 4 4] t)WI^3 >7 htt^®^^HRC4 5* 
ffi. 8^81*5 0. .0 4mm*Ifc5^li»ltaSiiS6 0 

6 5fi«*3J:(;i5 0m/sSS-efc5, Sfc«!t»ffi 
te x i^3 y h&<0ft[^£0. 3 — 1. OmmilW 
[0 0 4 5] *fc*38WT*JBS;h,SS« (£/cfig£* 

S£* • »k) (^/c^rtj^ ■ gfk) ^ 

[0 0 4 6] 

glr:®^ U»6«B-T?aC3E«:llD*.r*lt-t-« - t him 

[0047] $mm 

40 SI, 1-3 7^k^afiK*«"t"5«WS:l 5 

0 k gOKS®»J^T-@S!Uil5tU3t^iaSl3 Omml: 
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